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Qingre Huayu Prescription Reduces Oxidative Stress in Rats with Cerebral

Ischemia-reperfusion Injury Through Activating Nrf2/ARE Signaling Pathway
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[ Abstract | Objective: To investigate the effect and possible mechanism of Qingre Huayu prescription on
oxidative stress in rats with cerebral ischemia-reperfusion injury (I/R) through nuclear factor erythroid 2-related
factor 2 ( Nrf2 ) /antioxidant response element ( ARE) pathway. Method: The focal cerebral ischemia rat
(MCAO) model was prepared by suture method, and 160 SD rats were randomly divided into 4 groups; sham
operation group (SO), model group (MCAO) , Qingkailing control group (QKL) , and Qingre Huayu prescription
group (QRHY), n =40 in each group. Each group was further divided into 4 subgroups according to 12 h, 1 d,
2 d and 3 d after I/R, n =10 in each sub group. Cerebral infarction volume was tested by triphenyltetrazolium
chlorid (TTC) staining method, and the changes of the mRNA and protein expression of Nrf2 and heme oxygenase
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1 (HO-1) at each time point after reperfusion were observed by real-time fluorescence quantitative PCR ( Real-
time PCR) and immunohistochemistry separately. Result: As compared with the normal group, the brain infarct
volume was significantly increased in MCAO group 1 d after cerebral ischemia reperfusion (P <0.01); the brain
infarct volume in QKL group was significantly smaller than that of MCAO group (P <0.05, P <0.01); QRHY
could further decrease the brain infarct volume as compared with QKL group (P <0.05). The mRNA and protein
expression levels of Nrf2 and HO-1 in MCAO group were increased significantly 12 h after I/R, and reached the
peak at 24 h (P <0.05, P <0.01), then decreased continuously with the increase of I/R time, but still
maintained high expression levels (P <0.05). QKL could increase the mRNA and protein expression levels of Nrf2
and HO-1 as compared with MCAO group (P <0.05). QRHY could further increase the above expression as
compared with QKL group (P <0.05). Conclusion: QRHY may up-regulate the expressions of Nrf2 and HO-1 in

rats and relieve I/R through activating the Nrf2/ARE signaling pathway.
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factor 2 (Nrf2) /antioxidant response element ( ARE)
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R BER DL x 5 FoR, ZREA S E Y W) 4 3 5]
B H B A LDS-t K 55, K 3 K fE « =0.05, LA P <
0.05 R AL IT¥E L,

3 £R

3.1 X /R REURAIEARFZm  TTC Yeta )5 i
78, SO 41 JC AF FE kL, MCAO 41 A & # #f 5C kb
(P <0.01); QKL £ £ 3E {& FL 8] & /N T MCAO 4
(P <0.05),QRHY ZH#i A6 AR FLBH & /N F QKL 41, 2=
SEAGIFE (P <0.05), WER1E 1,

F1 FRAMEFI VR KR BEEEER
Table 1

IR (% +5s,n=4)
Effect of Qingre Huayu prescription on cerebral infarction

volume in I/R rats(x +s,n=4)

£H 5 il /g-kg ! i A4 3 4R AL/ mm?
SO - 0
MCAO - 5.97 +0.07"
QKL 20 5.53 £0.09%
QRHY 14 4.84 £0.06°*

.45 SO 4l 4" P <0.01;5 MCAO 4 [F i ] fi H 58> P <
0.05,> P <0.01;5 QKL 41 H %" P <0.05,
3.2 % I/R KB Nrf2, HO-1 mRNA 3£ ik ) 5%
L5 SO 41 b , MCAO 41 K Bl ik S5t xfin P-4 2 Sl 1f 2

F2 FAARFAI /R XR Nrf2 mRNA RiE

M (2 +5,n=5)

A.SO 4 ;B. MCAO 41 ;C. QKL 41;D. QRHY 4H (& 2,3 [d)
B 1 FHRAm T K R 8 SE R R B R0 (TTC)
Fig.1 Effect of Qingre Huayu prescription on cerebral infarction

volume at 1 d time point( TTC)

B4 Nef2, HO-1 mRNA 3k 1 d )k &g (P <
0.01) , 5 P8 73 Bsf ] S R H R IR B TR, (H 3 d
TS PR 3R 3 i R IR K F- (P < 0.05) 5 QKL 4 Bk ifi 45
I I) i H 3 3k K OSE #8 MCAO 4 B JH i (P <
0.05) s QRHY Z1%: QKL 2145 b [ 4 3 2 ik /K - i
— T (P <0.05,P<0.01), 32,3,

Table 2 Effect of Qingre Huayu prescription on Nrf2 mRNA expression in I/R rats(x +s,n=5)

2H 3] Fl /g kg ! 12 h 1d 2d 3d

SO - 1.367 +0. 621 1.340 +0. 748 1.323 +0. 654 1.330 +0. 759
MCAO - 1. 160 +0. 594" 1.023 £0. 5012 1.163 £0. 544" 1.180 0. 569"
QKL 20 0.913 £0.410% 0.737 0. 330% 0. 887 +0. 474> 0.975 £0.312%
QRHY 14 0.790 +0.301% 0.580 +0. 346" 0. 700 +0. 300% 0. 840 +0. 352%

W5 SO A" P <0.05, P <0.01;5 MCAO 4L [al i} 8] f5 H 5> P <0.05; 5 QKL 41 g P <0.05,” P <0.01 (£ 3 ~5 i),

F3 FAMREX VR XR HO-1 mRNA Rk

MM (x £s,n=5)

Table 3 Effect of Qingre Huayu prescription on HO-1 mRNA expression in I/R rats(x +s,n=5)

21 53 F /g kg ™! 12 h 1d 2d 3d
SO - 1.912 £0.914 2.060 +1.122 1.923 0. 854 1.930 £0. 959
MCAO - 1.533 £0. 697 1.323 +0. 5502 1.565 0. 546> 1. 664 0. 608"
QKL 20 1.327 £0. 539" 1.126 0. 534 1.377 =0. 532% 1.409 0. 572
QRHY 14 1.085 0. 4474 0.895 +0. 368> 1.102 +0. 453" 1.206 +0. 425%

3.3 X /R KK N2 A RBHEmR 15 S0 4
P, MCAO ZH K Ui ot ot P98 7 12 b sl afn > 15
Nif2 ,HO-1 PP iR Th i, 1 d RAK IR B i (P <
0. 01 ), P ¥ P 1] J2E 1< JHG 2 36 74 1 B, (LA
FEBOR KK (P <0.05) 5 QKL 41 B i 45 i [1] i

HF IR K38 MCAO 413 B F+ &5 (P <0.05)
QRHY 2% QKL £ 4% s} [ o5 H 3¢ 58 7K °F- i — 25 T
B (P<0.05,P<0.01), W#E4,5,K2,3,
4 itig
Nrf2/ARE JE&: AL LT 9 40 A & Ak Fn Ak 27 55 ol
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x4 FRUBAXNVRAKBNR ZEAREWEM(x+s,n=5)
Table 4 Effect of Qingre Huayu prescription on Nrf2 protein expression in I/R rats(x +s,n=5)
20 5 Fl 4 /g kg ™! 12 h 1d 2d 3d
SO = 0.32 £0.05 0.33 +£0.02 0.30 +0. 03 0.30 0. 04
MCAO - 0.42 +0.03" 0.48 +0.04% 0.46 £0.05" 0.44 £0.03"
QKL 20 0.45 +0.03% 0.52 +0.03% 0.49 +0. 05 0.47 £0.04%
QRHY 14 0.49 +0.03% 0.55 +0.02% 0.52 +0.03% 0.51 £0.02%
x5 BFRUFEAIN VR KB HO-1 EAREMEM(x+s,n=5)
Table 5 Effect of Qingre Huayu prescription on HO-1 protein expression in I/R rats(x +s,n=5)
215 FliE/g kg ™! 12 h 1d 24d 3d
SO - 0.55 0. 08 0.53 0. 07 0.50 £0. 06 0.60 £0.07
MCAO - 0.84 0. 13" 0.98 +0.17% 0.86 0. 15% 0.82 £0. 14"
QKL 20 1.03 £0. 16% 1.25 +0.20% 1.10 0. 18% 0.99 +0. 19
QRHY 14 1.29 +0.21% 1.47 £0.25% 1.36 £0.23% 1.26 £0.22%

2 FRUFANUVRAR 1A EA N2 EAREHIE (L
BEH AL, x400)

Fig.2 Effect of Qingre Huayu prescription on expression of Nrf2
protein at 1 d time point in I/R rats(IHC, x400)

A 5 T S LA O P R B AR A
DL AE 5 38 % 2 — 78 2000 0 b o A
B0 FEPIAME I i LRk Y R O N2
YW AL , 22 Nif2 5 Kelch ¥ ECH MI5CHE A 1
(Keapl) fl# B0 1% 16 o AL B Nef2 E A MOAZ, 55
ARE #5583 ARE & iz (9 I A fige 25 il B0 S A 2R
B/ 20 1 REAR 25 2 R S AR S LUAIRIT Y
AN A B, 1 T HO-1 %8 41 i P 48 1k 3 i 3
& Nef2/ARE {5 5 342 9895 (4 2 9 IR 1 1 o 5t
T e S AT it — 3R 8 P 4 A
BRad o i ROS, Xt 4 55 40 Ml 1E % (9 80 Ak ik JFUIR 25
XEPC R AL B R AR . B S BN, Nif2/
ARE 38 B 7E 0 R L BT 55 22 A R A% AT 20k 45 A
WPESTEAE . U0 YANG %0 @ i 44 F K R
=132 -

3 BRUFFNUVRKARLdFEER HO-1 EERIEHIM (K%
BEH AL, x400)

Fig.3 Effect of Qingre Huayu prescription on expression of HO-1
protein at 1 d time point in I/R rats(IHC, x400)

e 08 G A a0 S AU T S Nef2 B0 22 5 R L UE S T
AE %8 3 B Nef2/ARE 38 & & ¥ i 2 AR VE .
PR 0 LA I /R 495 2k A v i 4 L, R Sh R
L/R 450493 B2 A — T (9 9 97 0 05 R 3

AHIESE 45 R R W, Bk e il 7 45 S, Nef2
K HO-1 mRNA K EE (13835 F 12 h FF 46 B & 1
Jn, 1 d A EIE 2 d 5 TR TR, T PVER T T
T J5 LR Tk B 5 o, AR R A T AR LT AL
PR+ QKL, % B i% J7 nl figi@ i Nrf2/ARE & 12 & ##
i e o 453 40 P 22 DR A VE o
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